Abstract Mixed phenotype acute leukemia symbolizes a very small subset of acute leukemia that simply cannot be allocated as lymphoid or myeloid lineage. The 2008 World Health Organisation classification established stringent standard for diagnosis of mixed phenotype acute leukemia, accentuating myeloperoxidase for myeloid lineage, cytoplasmic CD3 for T lineage and CD19 with other B markers for B lineage obligation. Mixed phenotype leukemia is rare and 3-5 % of acute leukmias of all age groups, is associated with poor outcome with overall survival of 18 months. We wish to present two cases of mixed phenotypic acute leukemia who presented with mediastinal masses, were suspected to be T cell lymphoma/leukemia clinically and radiologically. In one case, tissue diagnosis was given as lymphoma for which treatment was given. These cases show that patients diagnosed as lymphoma on histopathology can be cases of mixed phenotype acute leukemia and varying specific treatment protocols and follow up are required. Awareness of these entities will help in proper diagnosis and treatment.
Introduction
Mediastinal masses are characteristically associated with Precursor T cell lymphoblastic leukemia/lymphomas and sometimes with Precursor B cell lymphoblastic leukemias/lymphomas [1] . Rare cases of acute myeloid leukemia presenting as mediastinal mass are reported [2] . Mixed phenotype acute leukemia presenting as mediastinal mass are rare. These represent a very small subset of acute leukemia that simply cannot be assigned as lymphoid or myeloid lineage. This is because of ambiguous phenotype exhibited by the leukemic cells and varying treatment protocols. It encompasses leukemias having separate populations of blasts of more than one lineage or a single population of blasts which coexpress antigens of more than one lineage. The 2008 World Health Organisation classification established strict criteria for diagnosis of mixed phenotype acute leukemia, emphasizing myeloperoxidase for myeloid lineage, cytoplasmic CD3 for T lineage and CD 19 with other B markers for B lineage assignment [1, 3] . Mixed phenotype leukemia are rare and are associated with poor outcome compared to other leukemias and clinically presents challenges in diagnosis and treatment. Mixed phenotype acute leukemias represent only 3-5 % of acute leukemias of all age groups, and 2.4-3.7 % in children [4] . However, the true incidence is difficult to establish due to problems with definition, and perhaps variation between different laboratories and also non existence of flow cytometry in most laboratories. It affects both adults and children, more frequently adults and has slight male preference [5] . The prognosis of MPAL is poor comparing to other acute leukemias, with overall survival of 18 months [3] . We wish to present two cases who presented with mediastinal masses and were thought to be Precursor T cell leukemia/lymphomas clinically but who turned out to be mixed phenotypic Acute Leukemia on Flow cytometry thereby changing the treatment protocol and outcome.
Flow Cytometric Analysis and Diagnostic Criteria
Flow cytometry analysis (4 colour) was performed on blast cell population identified by CD45 versus light side scatter properties using Beckman Coulter FC 500 instrument and standard staining and analytical methods. The cases were characterized with a panel of antibodies to leukocyte associated markers. A marker was considered positive by this method when more than 20 % or more of the blasts reacted with antibodies to that marker with definite intensity shift greater than a corresponding negative control. All samples were stained as per manufacturer's protocol. Cocktails were used wherever possible. All reagents were CE/IVD approved. Diagnostic criteria as laid down by WHO 2008 were applied.
Case History
Case-I: A 30 years old male patient presented with low grade fever and backache, referred to civil hospital with suspected Lymphoma. MRI spine revealed increased marrow signals on L1-L5 vertebrae and bilateral hip bones. He was referred to higher medical centre of further evaluation. Contrast enhanced computed tomography (CECT) chest revealed anterior mediastinal mass (Fig. 1) , mediastinal and left supraclavicular lymphadenopathy with left sided pleural effusion. A tissue diagnosis of lymphoma without subtype definition was given based on cell blocks made from pleural fluid and cyclophosphamide, adriamycin, vincristine, prednisolone (CHOP) 1cycle was exhibited but the patient did not show any improvement. At this juncture patient was referred to this centre. At this hospital on routine peripheral blood smear (PBS) examination we found hemoglobin (Hb) 10.8 gm/dL, total leucocyte count (TLC) 10,940/cmm with 12 % blasts (not picked by cell counter) and platelet count of 133,000/cmm. The blasts were large cells with greyish blue cytoplasm and nuclei with prominent nucleoli. Occasional blasts showed granules. Due to 12 % blasts on PBS examination bone marrow was asked for. Bone marrow aspirate smears were cellular and showed myeloid preponderance with 30 % blasts with morphology same as PBS. 2 % blasts were myeloperoxidase (MPO) positive. Thus opinion of Spill from either lymphoblastic leukemia or undifferentiated myeloid leukemia was offered and flow cytometry (FCM) was undertaken. Flow Cytometry was performed on bone marrow aspirate sample. The gating strategy was FSC versus SSC, SSC versus CD45. Once the blast region was ascertained back gating was done considering the dual morphology of blasts. Backgating was done with CD34 positive population and sequential gating for ontogeny of cells revealed gated cells were positive for CD45 (Dim), CD34, HLA-DR, cMPO, CD33, cCD3, CD7, TdT, CD5 and of these cells 51 % of gated cells were co-expressing cMPO and cCD3. The markers profile was consistent with T/Myeloid Acute Leukaemia (T/My-MPAL) according to WHO 2008. When patient was not responding to therapy then FCM was repeated on 29 Jan 2014 with 3, 44,890/ cumm TLC and found gated cells were positive for CD45 (Dim), CD34, cMPO, CD33, CD15, cCD3, CD7 and TdT ( Fig. 2a-d) .
Case-II: A 38 years old male patient presented at zonal hospital with chronic cough, episodic high grade fever and head ache since 1 month. CECT showed evidence of mediastinal mass and hepato-splenomegaly and suggested a diagnosis of Lymphoma versus Acute Leukemia. TLC was 82,400/cumm, Hb was 14.5 gm/dL and Platelets were 72,000/cumm. PBS revealed 42 % blasts. Bone marrow was done which revealed 90 % blasts. These were categorised into two types morphologically, large blasts with abundant cytoplasm, round to convoluted nucleus, fine lacy chromatin and prominent nucleoli which are 66 % of all nucleated cells (ANC) and 24 % blast which were smaller, had coarse chromatin and inconspicuous nucleoli with scant cytoplasm (Fig. 3) . MPO positivity was seen in more than 3 % blasts and thus diagnosis on morphology was Acute Myeloid Leukaemia according to FAB. Flow Cytometry was performed on bone marrow aspirate sample. The gating strategy was FSC versus SSC, SSC versus CD45, back gating with CD34 positive population and sequential gating for ontogeny of cells revealed gated cells were positive for CD45 (Dim), CD34, HLA-DR, cMPO, CD33, cCD3, CD7, TdT, CD5 (Fig. 4) . Thus, the diagnosis was MPAL.
Discussion
Morphologically, MPAL is heterogenous and most patients either present as ALL or as AML with or without lymphoid or myeloid or monocytic differentiation features. Thus, a diagnosis of MPAL is unlikely to be suspected by morphology except for the small subset in which there is evidence of a distinct dual blast population with either lymphoid or myeloid features. Therefore, the diagnosis of MPAL always relies on immunophenotyping and exclusion by cytogenetics of AML cases with recurrent abnormalities and by morphology that rules out the presence of a dysplastic background [5] . For practical perspective and to establish a diagnosis of MPAL, it is recommended to use a minimal battery of monoclonal antibodies that includes: anti-CD3, anti-CD19 plus three other B cell associated markers (CD22, CD79a, and CD10), anti-MPO and 2 or 3 monocytic associated markers such as CD14, CD11c, CD64, CD36 or antilysozyme [6] . Lysozyme cannot be considered fully specific for the monocytic lineage as it may also be expressed by neutrophil-committed cells and its use is not common in flow cytometry laboratories; however, it can be assessed by immunohistochemistry or the other monocytic markers can establish the monocytic commitment [6] .
Before the publication of WHO 2008 classification, the diagnosis and classification of MPAL were based on European Group for Immunological Classification of Leukemias (EGIL) scoring system [7] . The EGIL classification scheme used to assign score points to major antigens to ascertain if a certain lineage is present.
The most recent 2008 WHO classification has established new and strict criteria for the diagnosis of MPAL. The T lineage is recognized by the presence of specific T-lymphoid antigens, cytoplasmic CD3 or surface CD3 which are best demonstrated by flow Cytometry. The myeloid lineage is established by presence of myeloperoxidase (MPO) by flow cytometry, immunohistochemistry or cytochemistry or monocytic differentiation (requiring at least 2 of the following: non-specific esterase (NSE), Cd11c, CD14, CD64, lysozyme. For B cell lineage multiple antigens are required, including strong expression of CD19 with one of the other B cell markers (CD 79a, cytoplasmic CD 22, CD100, or weak CD 19 expression with at least two other B cell markers [1] . There are four major categories listed under MPAL in the 2008 WHO classification: B/myeloid, NOS; T/myeloid, NOS; MPAL with t (9; 22) (q34; q11.2); BCR-ABL 1; and MPAL with t (v; 11q23); MLL rearranged [6] . Case 1 who was initially treated with CHOP regimen for NHL at peripheral centre was initially treated with ALL induction protocol after being diagnosed as MPAL at this centre. D ? 33 bone marrow revealed 8 % blasts following which the patient was treated with hyper CVAD. Repeat marrow showed blasts which were now of only myeloid lineage as per flow cytometry (Fig. 5) . AML induction protocol was instituted. At the end of induction repeat marrow study showed 18 % blasts. Patient then received salvage chemotherapy, mitoxantrone and etoposide but the patient did not respond.
Case 2 was initially treated with ALL induction protocol with which the patient did not respond. Thereafter AML protocol was instituted but the patient failed to respond and bone marrow still showed persistence of 31 % blasts. Flow cytometry undertaken at this stage. The blast population still showed persistence of all the markers which were present earlier (Fig. 6) .
Although the putative cell of origin in MPAL is unknown, it is possible that this leukemia arises in a very early hemopoietic progenitor with potential to undergo either on myeloid or lymphoid differentiation or rarely Tor B-cell differentiation. The recognition of MPAL cases with features of B-and T-cell commitment would support the proposed model of adult BM hemopoiesis where a common lymphoid (B & T) progenitor is present [8] .
Extensive data on response to therapy and clinical outcome in MPAL is not available; however cases reported in the literature show unfavourable response both in children and adults. Zheng et al. showed that out of 12 MPAL cases at first diagnosis treated with ALL or ALL based induction regimen, 75 % (9/12) achieved complete remission. Of the 7 patients who were exhibited AML regimen only 2 achieved complete remission. Of the latter group 3 of 5 patients achieved complete remission after switching to ALL based induction therapy. However disease free survival and overall survival was 28.3 and 32.4 % respectively [9] .
Matutes et al. analysed clinical, laboratory features and outcome in 100 cases defined as per WHO 2008 and documented poor outcome of MPAL in terms of achieving complete remission and overall survival. Studies have suggested that these are related to association of unfavourable markers like unfavourable karyotype and overexpression of p-glycoprotein. However because of small numbers included and patient hetrozygosity the results should be taken with caution [10] . They also suggested that ALL directed therapy was more effective with higher response rate and comparatively better outcome. In the prognostic risk assessment two other variables might be considered as strong predictors for outcome, presence of Philadelphia chromosome and age [5] .
We wish to present two cases who presented with mediastinal mass and were thought to be Precursor T cell lymphoma/leukemia but turned out to be MPAL. Both the patients did not attain remission in spite of various chemotherapy regimen. Thus prospective studies are warranted analyzing the global gene profiling in a large cohort as it will result in better study of pathogenesis of the disease and to provide important information and data of dysregulated genes which in turn may be therapeutic targets.
